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7803 



Z-80 PROCESSOR CARD 

This card combines a buffered and fully expandable 
Z-80 microprocessor with onboard RAM and PROM 
sockets. 

The 7803 includes 1 K byte of RAM with sockets for 
up to 4K bytes and sockets for up to 8K bytes of 
ROM or EPROM. An STD BUS system using the 
7803 card can be expanded to the full Z-80 memory 
and I/O capability. The 7803 STD BUS interface 
may be disabled for DMA app 1 1 ca 1 1 ons . 



FEATURES 

• Z-80 Processor 

• 4096 bytes RAM capacity (2114) 

• 1024 bytes RAM Included 

• 8192 bytes ROM capacity onboard (2716 
EPROIM) 

• 3 State 'Address, Data, Control Bus 

• Crystal controlled 400 ns clock 

• Power-on reset or pushbutton reset input 

• Dynamic RAM refresh control 

• All IC's socketed 

• Single -t-SV operation 

• Use Pro-Log D1004 1Kx8 memories 
(two 2114L's) 
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SECTION TWO - THE STDBUS 



o 



The STD BUS standardizes the physical and electrical aspects of niodular 8-bit 
microprocessor card systems, providing a dedicated, orderly Interconnect scheme. 
The STD BUS Is dedicated to internal communication and power distribution between 
cards, with all external communication made via I/O connectors which are suitable 
to the application. The standardized pi nout and 56-pln connector lends Itself 
to a bussed motherboard that allows any card to work in any slot. 

As the system processor and primary system control card, the 7803 is responsible 
for maintaining the signal functionality defined by the STD BUS standard. 

A complete copy df the STD BUS standard Is contained In the SERIES 7000 STD BUS 
TECHNICAL MANUAL , available from Pro Log Corporation, 2^11 Garden Road, Monterey, 
Cal ifornia 939^0. 



STD BUS Summary 

The 56-pin STD BUS Is organized Into five functional groups of backplane signals 



1 . Logic Power Bus 

2. Data Bus 

3. Address Bus 

4. Control Bus 

5. Auxi lary Power 



pins 1-6 
pins 7-1 A 
pins 15-30 
pins 31-52 
pins 53-56 



Figure 2. shows the organization and pi nout of the STD BUS with mnemonic function \^ 
and signal flow relative to the 7803 Processor card: 





COMPOmifT SlOf 


We^^Ww^ 1 V^Vi^V 




PIN 




FLOW 


OCSCnWTION 


mm 


MNEMONIC 


8IGNAI. 

FLOW 


OCSCRimON 


LOGIC 


1 


♦5V 


In 


*i Volts OC {Bmsmd) 


2 


♦5V 


In 


*S Volts OC > Bussed) 


POWER 


3 


G^O 


In 


Oigital Ground (Susiad) 


4 


GNO 


In 


Digital Grou'^d Bussed) 


•US 


s 


-5V 




•5 Voits OC 


6 


-5V 




•5 Volts OC 




7 


03 


In/Out 




8 


07 


In/Out 


Higti Order Oats Bus 


DATA 


9 


02 


In/Out 


Low Ordar Data Bus 


10 


06 


In/Out 


Higli Ordar Osta Bus 


■US 


11 


01 


In/Out 


Low Ordar Data Ehis 


12 


OS 


In/Out 


High Order Osta Bus 




13 


00 


InASut 


Low Ordar Data Bus 


14 


04 


In/Cut 


High Order Oats Bus 




15 


A7 


Out 


LovrOrdar Addrass Bus 


16 


A15 


Out 


Hign Order Aaoress Bus 




17 


A6 


Out 


Low Ordar Addraas Bus 


18 


A14 


Out 


High Order Address Bus 




19 


AS 


Out 


Low Ordar Addrass Bus 


20 


A13 


Out 


Higti Order Address Bus 


AOORCSS 


21 


A4 


Out 


Low Ordar Addrass Bus 


22 


A12 


Out 


Higtt Order Address Bus 


■us 


23 


A3 


Out 


LOW Ordsr Addrass Bus 


24 


All 


Out 


High Order Address Bus 




23 


A2 


Out 


Low Ordar Addraas Bus 


20 


A10 


Out 


Hign Order Address Bus 




27 


A1 


Out 


Low Ordsr Addrass Bus 


28 


A9 


Out 


High Order Address Bus 




29 


AO 


Out 


Low Ordsr Addrass Bus 


30 


A8 


Out 


Higt> Order Address Bus 




31 


Wfl* 


Out 


Writs to Mamory or I/O 


32 


RO* 


Out 


Resd to Memory or I/O 




33 


lORC 


Out 


I/O Address Sstsct 


34 


MEMRO* 


Out 


Memory Address Select 




35 


loexp' 


Out 


I/O Expsnsion (GNO^ 


36 


MEMEX* 


Out 


Memory ExoansionC<aNO) 




37 


REFRESH* 


Out 


Rstrssn Timing 


38 


MCSVNC* 


Out 


CPU Mscnme Cycle Sync 


CONTROL 


39 


STATUS r 


Out 


CPU Sistus 


40 


STATUS 0* 




CPU Sistus 


■us 


41 


aUSAK* 


Out 


Bus Acfcnowiadgs 


42 


BUSRO' 


In 


Bus Request 




43 


INTAK' 


Out 


imarrupt Acknowledge 


44 


INTRO* 


In 


interruet Request 




45 


WAITRQ* 


In 


Wait Request 


46 


NMIRQ- 


In 


Non-Mash40)« interrupt 




47 


SYSRESer 


Out 


System Reset 


48 


PBRESET* 


In 


Push Button ^eset 




49 


CLOCK* 


Out 


Clock from Processor 


so 


CNTRL* 


In 


AUX T.minq (EXT dUS^vC^ 




51 


PCO 


Out 


Priority Chsin Out 


52 


PCI 


In 


Priority C^«'" in 


POWCR 


&3 


AUXGNO 




AUX Ground (Bussed) 


54 


AUXGNO 




AUX Ground Bussed) 


•Ut 


S5 


AUX'V 




AUX Positive (*t2 V04IS OC) 


5« 


AUX-V 




AUX Hmqmttm i2 Volts DC) 


'Low L«v«4 Ad 


v« ln« 


SiCMOr 




p4uiee^ 


Z^ 


* 
• 


TM. 


ST-pBoS 
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STD BUS Pin Utilization by 7803 

Since the STD BUS standard does not specify timing or require that all available 
pins be used, the timing and signal allocation assumes many of the characteristics 
of the microprocessor type used. The timing characteristics of the 7803 9re those 
of its ZSO microprocessor, with LSTTL buffering added to enhance the card's drive 
capabi 1 i ty. 

The allocation of STD BUS lines for the 7803 is given below. 

1. Logic Power Bus : +5V (pins 1,2) and Logic Ground (Pins 3r^) supply operating 
power to the 7803 . Pins 5 and 6 are open. 

2. Data Bus : Pins 7 through 14 form an 8-bit bidirectional 3-state data bus as 
shown in Figure 2 . High level active data flows between the 7803 and its 
peripheral cards over this bus. When the 7803 fetches data from its onboard 
memory sockets, this data also appears on the STD Data Bus. 

Except during Direct Memory Access (DMA) operations, the 7803 controls the 
direction of data flow with its MEMRQ*, lORQ*, RD*, WR*, and INTAK* control 
signal outputs. Peripheral cards are required to release the data bus to the 
high impedance state except when addressed and directed to drive the data bus 
by the 7803. 

The 7803 releases the Data Bus when BUSAK* is active In resoonse to W!SRn*^ 
as in DMA operations. 

3. Address Bus : Pins 15 through 30 form a l6-blt 3'-state address bus as shown in 
Figure . The 7803 drives high level active 16-bit memory addresses over 
these lines, and 8-bit I/O port addresses over the eight low-order address 
lines (AO through A7 on pins 15, 17, 19, 21, 23, 25, 27 and 29). 

The 7803 releases the Address Bus when BUSAK* Is active In response to BUSRQ*, 
as in DMA operations. 

^* Control Bus: Pins 31 through 52 provide control signals for memory, I/O, 
interrupt, and fundamental system operations. Figure 3 summarizes these 
signals and shows how they are derived from Z80 signals. 

The 7803 releases the Control Bus during BUSAK* in response to BUSRQ*, except 
for the following output signals: MEMEX*, lOEXP*, BUSAK*, PCO, CLOCK*. 

5. Auxilary Power Bus : Pins 53 thY-ough 56 are not used by the 7803 and are 
electrical ly open. 

The 7803 meets all of the signal requirements of the STD BUS standard. Detailed 
timing Information and specifications are In Section 5 
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MNEMONIC 


PIN 


IN/OUT 


FUNCTION 


HOW DERIVEChr Z80 NAME 


WR* 


31 


Out# 


Write to memory or I/O 


[WR*] 


RO* 


32 


Out# 


Read from memory or I/O 


[RD*] 


1 ORQ* 


33 


Out# 


A0-A7 hold valid I/O address 


[lORa*] 


MEMRQ* 


3A 


OUt# 


A0-A15 hold valid memory 


[MEMRQ*] 


lOEXP* 


35 


Out 


I/O expansion control 


User-removeable ground 


MEMEX* 


36 


Out 


Memory expansion control 


User-removeable ground 


REFRESH* 


37 


Out# 


Dynamic RAM refresh control 


[RFSH*] 


MCSYNC* 


38 


Out# 


One pulse per machine cycle 


[RD*]+[WR*]+ 
[(lORQ*) (Ml*)] 


STATUS 1* 


39 


Out# 


Active during opcode fetch 


[Ml*] 


STATUS 0* 


40 


. 


(Not used) 


Electrical ly open 


BUSAK* 


kl 


Out 


Acknowledges BUSRQ* 


[BUSAK*] 


BUSRQ* 


42 


In 


Bus request for DMA; 
synchronous processor halt and 
3-state driver disable 


[BUSRQ*] 


1 NTAK* 


43 


Out# 


Acknowledges INTRQ* and 
replaces [(RD'^-flEMRQ*)] to read 
interrupt vector 


[(lOR(i*)(Ml*)] 


INTRQ* 


44 


In 


Maskable interrupt request 


[INT*] 


WA 1 TRQ* 


45 


II n 


Synchronous processor halt 


[WAIT*] 


NMIIQ* 


46 


In 


Nonmaskable Interrupt request 


[NMI*] 


SYSRESET* 


47 


Out# 


System power-on and pushbutton 
reset output 


Onboard one-shot 


PBRESET* 


48 


In 


Pushbutton reset input 




CLOCK* 


49 


Out 


Time state clock (1/2 crystal 
frequency) 


Onboard oscillator 


CNTRL* 


50 


In 


External clock input (2 times 
desired time state frequency) 




PCI/PCO 

■ 


52/51 


In/Out 


Priori ty chain 


PCI shorted to PCO; no 
other 7803 connection 



o 



* Low level active 

# Output buffer disabled when BUSAK* active 

[] Denotes equivalent Z80 signal name 



FIGURE 3 



7803 CONTROL BUS SIGNALS 
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7803 Processor Status: MCSYNC^, STATUS 1* 

MCSYNC* and STATUS 1" signals provide status information whlcin is peculiar 
to tlie Z80 microprocessor. These signals are useful for displaying processor 
status in logic signal analyzers, and can be used to drive ZSO peripheral 
chips and systems designed to work with the ZSO specifically. The use of these 
signals is not recommended in systems where microprocessor device- type Independence 
i s a des ign goal . 

MCSYNC* is obtained by ORing the read, write, and interrupt acicnowledge signals. 
Thus MCSYNC* occurs once in each machine cycle (Section 3 )» and can be used 
to allow a logic signal analyzer to select a specific cycle within a multi-cycle 
instruction for analysis. The timing of MCSYNC* varies according to machine 
cycle type. 

STATUS 1 " is equivalent to the ZSO's Ml signal, which denotes the opcode fetch 

or interrupt acknowledge cycle (Ml* is ANDed with lORQ* internally to produce INTAK, 
and externally with MEMRQ* to denote opcode fetcK) . , . 

Note that the ZoO has both 1-byte and 2-byte opcodes (2-byte opcodes are identified 

by a first byte equal to CB, DD, ED, or FD hexadecimal). Accordingly, the 

processor asserts STATUS 1* in each opcode byte, or twice per instruction cycle 

for these instructions. 

Dynamic RAM Control; REFRESH* 

The ZBO microprocessor chip is specifically designed for refreshing standard 

16-Din dynamic RAM chips with multiplexed address lines 

and 4K X 1 or 16K x 1 internal organization. These devices can be refreshed 

transparently 'during the opcode fetch menory cycle without complex processor 
synchronization circuitry and without delaying processor i-nstruction execution 
time. 

The REFRESH* output signal occurs during T3 and Th of the opcode fetch cycle,(fig_, 8) 
and is used to indicate that a memory refresh address is present on the Address Bus. 
The address is composed of a presettable, autocounting 7-bit address (A0-A6) which 
is the lower seven bits of the Z80's R (Refresh) Register, and an eighth bit (A7) 
which is the R Register's most significant bit and is program-settable in the 
high or low state. 

F-or. more .Information on dynamic RAM refreshing, refer to the 
following publications; 

Interfacing 16 Pin Dynamic RAMs to the Z80A Microprocessor 

available from Zilog, 10460 Bubb Road, Cupertino, CA 95014 

Z80 Dynamic RAM Interfacing Techniques 

available from Mostek, 1215 W. Crosby Rd. , Carroll ton, TX 75006 
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7803 SPECIFICATIONS 
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Power Requirements 



RECOMMENDED OPERATING LIMITS 


ABSOLUTE NONOPERATING LIMITS 


PARAMETER 


MIN 


TYP 


MAX 


MIN 


MAX 


UN 1 TS 


Vcc (Note 1) 


^.75 


5.00 


5.25 





5.50 


Volts 


Ice (Note 2) 

J 




1.15 


1.65 


- 


- 


Ampere 



FIGURE k: 7803 POWER SUPPLY SPECIFICATION 
NOTES; 1. In order to guarantee correct operation, the 
following power supply considerations apply: 

a. Vcc rise must be monotonic, rising from 
+0.50 Volt to +A.75 Volts in 10 ms or 
less. 

b. If Vcc drops below +A.75 Volts at any 
time it must be reduced to less than 
+0.50 Volt before restoration to the 
specified operating range. 

2. Ice specification assumes that all EPROM and 
RAH sockets on the 7803 are loaded. Subtract 
75 mA per 2716 EPROM and 50 mA per IWkl RAM 
for each device not used. 

The 2114L devices require 10 milliseconds minimum after Initial 
power-on for stabilization of internal bias oscillators. The 7803' s power-on 
reset one-shot provides adequate stabilization delay only if Vcc risetime is 
less than 10 milliseconds. 
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Drive Capability and Loading 

The 7803's STD BUS Edg.e Connector Pin List (Figure 5 } gives Input loading 
and output drive capability in LSTTL loads as defined by the SERIES 7.000.- 
TECHNICAL MANUAL. 

In general, Input lines and disabled 3-state outputs present 5 LSTTL iDout loads 
maximum (one LSTTL or MOS Input plus k.7\^ pull up resistor). Output lines can drive 
a minimum of 50 LSTTL loads. Pins which are unspecified in Figure 5. 
are electrically open. 

Exceptions to the general loading rules are: 

a. PBRESET* Input, which Is 15 LSTTL loads. 

b. CLOCK* output, which can drive 10 LSTTL loads 

c. PCI and PCO, which are connected together 
but to nothing else on the 7803. 



o 



o 



FIGURE 5 : 7803 STD BUS EDGE CONNECTOR P INPUT AND LOADING 



STD/7803 EDGE CONNECTOR PIN LIST 


PIN NUMBEF 


1 




PIN NUMBER 


OUTPUT (LSTTL DRIVE 








OUTPUT (LSTTL DRIVE) 


INPUT (LSTTL LOADS) 




INPUT (LSTTL LOADS) 


MNEMONIC 






MNEMONIC 


+5 VOLTS 


IN 




2 


1 




IN 


+5 VOLTS 


GROUND 


IN 




4 


3 




IN 


GROUND 


-5V 






6 


5 






-5V 


D7 


^ 


qn 


8 


7 


50 


5 


D3 


D6 


5 


50 


10 


9 


50 


5 


D2 


D5 


«? 


'50 


12 


11 


50 


5 


D1 


D4 


5 


en 


14 


13 


50 


5 


DO 


A15 


<? 


qn 


16 


15 


50 


5 


A7 


A14 


? 


t;n 


18 


17 


50 


5 


A6 


A13 


5 


50 


20 


19 


50 


5 


A5 


A12 


5 


50 


22 


21 


50 


5 


A4 


A11 


5 


50 


24 


23 


50 


5 


A3 


A10 


5 


50 


26 


25 


50 


5 


A2 


A9 


5 


50 


28 


27 


50 


5 


A1 


A8 


5 


50 


30 


29 


50 


5 


AO 


RO* 


5 


50 


32 


31 


53 


5 


WR* 


MEMRQ* 


5 


50 


34 


33 


5) 


5 


lORQ* 


MEMEX- (GROUND) 




OUT 


36 


35 


OUT 




lOEXP* (GROUND) 


MCSYNC* 


5 


50 


38 


37 


50 


5 


REFRESH- 


STATUS 0- 






40 


39 


50 


5 


STATUS r 


BUSRQ- 


5 




42 


41 


50 


5 


BUSAK* 


INTRO* 


5 




44 


43 


50 


5 


INTAK* 


NMIRQ- 


5 




46 


45 




5 


WAITRQ* 


PBRESET- 


15 




48 


47 


50 


5 


SYSRESET* 


CNTRLV" EXT CLK IN 


5 




50 


49 


10 




CLOCK* 


PCI 


IN 




52 


51 


OUT 




POO 


AUX GND 






54 


53 






AUX GND 


AUX-V 






56 1 


55 






AUX *V 



'Designates Active Low Level Logic 



o 



Clock Generator 

The 7803 's clock oscillator serves as the primary timing element in a 7803-based 
system. The oscillator's output is divided by two to drive the Z80 microprocessor, 
producing the time state clock . The time state clock's period is the shortest 
program- re la ted period of interest in the system. Instruction execution times 
are computed as whole multiples of the time state clock period C5ection 51- 

The 7803 is shipped with a crystal installed which sets the system's time state 
period. If desired, the user can substitute a slower crystal or replace the 
crystal with a TTL-compatible clock signal generated elsewhere. Details of this 
option are given in Appendix A. 



CRYSTAL OR 
EXTERNAL CLOCK 
FREQ UE NCY 

5 MHz 



RESULTING 
TIME STATE 
PERIOD 



400 ns 



COMMENT 



7803 time state; 
fastest al lowable 
rate for Z80 device 



1 MHz 



2000 ns 



Slowest recommended 
rate for Z80 device 



o 



FIGURE 6 



CLOCK OSCILLATOR FREQUENCY RANGE 



o 



o 
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Bus Timing Specifications 



An understanding of the 7803's signal timing characteristics is necessary 
for the selection of speed-compatible memory devices, I/O functions, 
other peripheral STD BUS cards, and for real-time logic analysis of 
7803-based STD BUS card systems. 

The 7803's timing characteristics are established by its Z80 microprocessor, 
with additional delays added by LSTTL buffers. The basic operations performed 
by the 7803 and the signals controlling these operations are shown in 
Figure 7 



S 1 GNALS 


OPERATION 


WAVEFORM 


MEMRQ*, RD* 
AO-AI5 


Read from memory 


Fi gures 

8 and 9 


MEMRQ*, WR* 
AO-AI5 


Wri te to memory 


Figure 9 


lORQ*, RD* 
A0-A7 


Read from an input porf 


Figure \0 


lORa*, WR* 
A0-A7 


Write to an output port 


Figure \0 


1 NTAK* 


Read an interrupt instruction vector 
(in response to INTRQ* only) 


Figure \\ 



FIGURE 7 ; BASIC 7803 OPERATIONS 



The waveforms on the following pages show timing measurements as a 5-letter 
code as fol lows: 



m 



TCHAV««- 



First letter is always T for T^iming measurement. 
•Second letter is the abbreviation of the signal which 

starts the measurement. CC«Clock) 
'Third letter Is the condition of the start signal. (HaHIgh) 
•Fourth letter is the abbreviation of -the signal which 

ends the measurement. (A«»Address bus) 
•Fifth letter is the condition of the end signal. (V«Valid) 



For example, TCHAV stands for Time from £lock H^igh until Address Valid. 

Specific abbreviations are given in the Legend on each page of the specification. 



In the case of the Clock, it is necessary to note which time state is of interest; 
refer to figures 8 through 13. 



MACHINE CYCLE 



Tl 



T2 



T3 



T4 



Tl 



^^^ 



CLOCKS 



1 



ADDRESS BUS \^ 

A0-A15 



MEMRQ'' 



RO' 



DATA BUS 
DO-07 



REFRESH' 



STATUS 1* 'S^ 



LEGEND 


^1 A0-A15 


'd^ 


DO-07 


Mi 


MEMRQ* 


R! 


RO* 


Fi 


REFRESH* 


S! 


STATUS 1* 


^ 


CLOCK* 


(u 


Low state 


H| 


High state 


VI 


Va 1 1 d 


z 


High 
impedance 


X 


Don't care 


* 


Low active 



-TCLAV 
TAVDV 



A I V 



-TAVML 



NSTRUCTION ADDRESS 



I 



REFRESH ADDRESS 



TMLMHl 



X 



TAVML 



TMLMH2 



t 



f 



TRLRH 



Id 



AVRL 



-\ 



— TRLDZ 
TDVCL— 



•TCLDX 



(opcode in^)-\ 



H 



-TCLFL 



■TFLFH 



TSUV 
««f TSLSH 



\ 



/ 



o 







NANOSECONDS 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


TAVDV 


Address valid before data valid (access time) 


550 


580 




TAVMC 


Address valid before MEMRQ* active 




75 • 




TMLMH 


MFMnn- n„i-n width 1 (Opcode Fetch) 




600 




MCnRQ pul-u width 2(Refresh) 




400 




TAVRL 


Address valid before RO* active 




165 




TRLRH 


RO* pulse width 




370 




TRLDZ 


Data Bus in high impedance read 
mode after RO* active 




50 


100 


TDVCL 


Data Bus setup time before clock 
trans i tion ends T2 


85 






TCLDX 


Data Bus hold time after T2 









TCLFL 


REFRESH* active after start of T3 




■ 200 




TFLFH 


REFRESH* pulse width 




770 




T3LAV 


STATUS 1* active after address valid 









TSLSH 


STATUS 1* pulse width 




800 




TCCAV 


Address valid after start of Tl in any memory or 
I/O machine cycle (Flqures through ) 






160 



FIGURE ^ 



OPCODE FETCH AND MEMORY REFRESH MACHINE CYCLE 






10 
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© 



CLOCKS 



ADDRESS BUS 
A0-A15 



MEMRQ" 



RD* 



DATA BUS 
D0-D7 



WR* 



DATA BUS 
D0-D7 



Tl 



MACHINE CYCLE 
T2 



-^■ 



T3 



Tl 



1 — \ r 



K 



♦-TAVML-" 



\ 



r 



MEMORY ADDRESS 



TMLMH 



\ 



I 



-TAVRL-* 



TRLDZ-^ 



TRLRH 



V. 



/ 



TDVCH 



TAVDV 



-( 



TAVWL 



DATA IN 



•TCHDX 



K 



TWLWH 



.[ 



TAVWH 



-TAVDV -» 



"\/ 

- ^DATA OUT 



TDVWH 



__:7r 



^ TWHOX -^ 



LEGEND 


A 


A0-A15 


D 


D0-D7 


M 


MEMRa* 


R 


RD* 


W 


WR* 


C 


CLOCK* 


■i. 


Low active 


L 


Low state 


H 


High state 


V 


Val id 


2 


High 
impedance 


X 


Don' t care 



SYMBOL)! PARAMETER 



TAVDV 'I Address val id to data valid (read cycle access time) 



TAVWH il Address valid to write high (write cycle access time] 



TAVMLH Address valid to MEMRQ* active 



TMLMH i MEMRQ* pulse width 



TAVRLij Address valid to RD* active 



TRLRH j RD* pulse width 



TRLDZ 



TDVCH 



Data Bus in high impedance read mode after RD* low 



nput data setup time before clock high in T3 



TCHDX It Input data hold time after clock high in T3 



TAVWL 



TWLWH 



TAVDV 



TDVWH 



TWHDX 



Address valid to WR* active 



WR' 



pulse width 



Output data valid after address valid 



Output data setup time before WR* rising edge 



Output data hold time after WR* rising edge 



NANOSECONDS 



MIN 



TYP MAX 



T*0 



75 



^00 



ISO. 



i6l 



-SQ. 



-21 



111 



S5£L 



Aoo 



300 



iSO. 



100 



FIGURE ^ 



MEMORY READ (EXCEPT OPCODE) AND MEMORY WRITE 
MACHINE CYCLES 



11 
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Note: In onboard memory read operations (Sectional, the Data Bus does not 
enter the high impedance read mode. Instead the 78Q3 drives data fetched from 
the onboard memory sockets onto the STD Data Bus to facilitate logic state 
analysis at the motherboard. The access time for onboard memory devices may not 
exceed the values shown for TAVDV in Figure fl. The state of the Data Bus 
prior to TDVCL is unspecified for an onboard read operation. 



o 



o 
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T1 



CLOCK* 



-MACHINE CYCLE 



T2 



TW 



T3 



I 



J] 



D 



ADDRESS BUS V 
A0-A7 



lORQ'' 



RD' 



DATA BUS 
D0-D7 



WR^ 



DATA BUS 
D0-D7 



tLEGEND 


A 


A0-A7 


D 


DO-07 


I 


lORQ* 


R 


RD* 


W 


WR* 


C 


CLOCK* 


* 


Low active 


L 


Low state 


H 


High state 


V 


Valid 


Z 


High 
Impedance 


X 


Don't care 



PORT ADDRESS 



•^ TAV I L ^ 



TILIH 



t 



^ TAVRL 



TRLDZ 



TRLRH 



1. 



TDVCH 



TAVDV(i>- 



TAVWL 



TWLWH 



TAVDViS 



TVHDX- 



TDVWH 



M 

i : DATA OUT 



TAVWH 



^ 




TCHDX 



J 







NANOSECONDS 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


TAVDVd: 


Address valid to data valid (input cycle) 




1100 




TAVWH" 


Address valid to WR* high (output cycle) 




1530 




TAVIL 


Address valid to lORQ* active 


300 


W 




TILIH 


lORQ* pulse width 




1000 




TAVRL 


Address valid to RD* active 


300 


3?? 




TRLRH 


RD* jjulse width 




1000 




TRLDZ 


Data Bus in high impedance read mode after RD* low 




50 


100 


TDVCH 


Input data setup time before clock high in T3 


?? 






TCHDX 


Input data hold time after clock high in T3 









TAVWL 


Address valid to WR* active 


300 


}}^ 




TWLWH 


WR* pulse width 




1000 




TMDVx 


Output data valid after address valid 




300 




TDVWH 


Output data setup time before WR* rising edge 




1070 




TWHDX 


Output data hold time after WR* rising edge 










Note: TW (WAIT state) inserted automatically by Z80 in I/O cycles. 



FIGURE \0 



INPUT PORT READ AND OUTPUT PORT WRITE MACHINE CYCLES 
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LAST-1 



LAST 



Tl 



T2 



-MACHINE CYCLE 
TWA I TV/B 



o 



T3 



CLOCKS 



NTRQ'' 



NTAK^ 



DATA BUS 
DO-07 



^_nc 



TQLCL 



£ 



bl 



CLQL 



TCHKL-**! 



TKLDZ 




LEGEND 


C 


CLOCK* 


q 


1 NTRQ* 


K 


1 NTAK* 


D 


DATA BUS 


•k 


Low active 


L 


Low level 


H 


High level 


Z 


High 
Impedance 


X 


Don' t care 



SYMBOL 



T(iLCL 



TCLQL 



TCHKL 



TKLKH 



TKLDZ 



rovcL 



rCLDX 



PARAMETER 



INTRQ* setup time prior to last time state In 
Instruction cycle prior to Interrupt 



INTRQ* hold time after clock low 



INTAK* asserted in first TV after clock high 



NTAK* pulse width 



Data Bus In high Impedance read mode after 
INTAK* low 



Data Bus setup time prior to clock low 



tiA.MOSEi:QllDS 

T 



MIN 



130 



TYP 



m. 



JLiil 



53SL 



MAX 



o 



35 



Data Bus hold time after clock low 



75 



(TWA and TWB) 
Notes: 1. Two WAJT states / are automatically inserted by 

the Z80 to allow for priority chafn propagation time. 

2. In interrupt mode 1, INTAK* is asserted but the data 
bus is ignored. 

3. The above time state sequence assumes that the EN I 
(enable interrupt) instruction is in effect. 

4. INTAK* » [(Ml*)(lOR(i*)] plus buffer delays. 



FIGURE II 



INTERRUPT REqUEST/ACKNOWLEDGE CYCLE 



o 
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WAIT REQUEST 

The WAITRQ* input allows the 7803 to enter the WAIT st^e in any memory, 1/0 

or Interrupt acknowledge cycle while a slow-memory device responds, or until 

a control function such as an analog-to-digital converter finishes. WAfTRQ* 

can also be used to single-step the 7803. Figure f<^ shows the required timing 
for the WAITRQ* input. 



Tl 



CLOCKS 



WAITRQ'^ 



TQLCH 



T2 



i 



\ 



S t 



•MACHINE CYCLE- 



TWAIT 



T3 



\_J \ 



-TCHQX 



T 
J 



TQHCH 



\ 



-*j *-TCHaX 



© 



LEGEND 


W 


WAITRQ* 


C 


CLOCK* 


JL. 


Low active 


L 


Low state 


H 


High state 


X 


Don't care 







NANOSECONDS 


SYMBOL 


PARAMETER 


MIN 


TQLCH 
TQHCH 


WAITRQ* setup time prior to clock high in T2 


120 


TCHQX 


WAITRQ* hold time after clock high in T2 






FIGURE IZ 



WAIT STATE INSERTION IN OPCODE FETCH, MEMORY 



READ, AND MEMORY WRITE MACHINE CYCLES 



^A 



WAIT state insertion in all memory cycles is similar to the Opcode Fetch, 
Memory Read, and Memory Write cycles shown in Figures?*^ . While WAITRQ* 
is sampled halfway through time state T2 in these cycles, however, it is 
sampled at different times in I/O and interrupt acknowledge cycles. 

1/0 machine cycles sample WAITRQ* at the rising edge of CLOCK* 
during TW, the single wait state inserted automatical ly^ by 
the Z80 in I/O cycles. User- inserted wait states occur 
after TW and prior to T3. 

Interrupt machine cycles sample WAITRQ* at the rising edge of 

CLOCK* during TWB, the second wait state inserted automatically 
by the Z80 during interrupt acknowledge cycles. User- i nserted 
wait states occur after TWB and prior to T3. 
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BUS REQUEST 

The BUSRQ* input and BUSAK* output allow Direct Memory Access (DMA) operations, 
giving another system control ler card access to the 7803's peripheral cards. 
Figure l3 shows the timing for these signals. 



o 



Laa.t cycle of current 
instruct von 



CLOCK''' 



BUSRQ* 



BUSAK'' 



BUSSES 
(note) 



iLEGEND 



CLOCK'' 



BUSSES 



BUSRQ'' 



BUSAK'^f 



Low active 



Low state 



High state 



Low 
impedance 



Drivers on 



Last-1 



Last 



TX 



Bus Available 
TX 



TX 



FlrSJt eye la o£- 

ncxt ins^rution 
< - • - 



Tl 



"^ 



1 



TQLCL 



V_7 



T 



TCLBZ. 



1 



TKLBZ 



■TCHKH 



T 



Floating 



TKHBD 



o 







NANOSEGON£>S- 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


TQLCL 


BUSRQ* setup time prior to last time state in 
in last instruction, last cycle preceding DMA 


130 






TCLKL 


BUSAK* active after start of first DMA cycle 






185 


TJKBZ 


Busses float after BUSAK* active 




35 


65 


TCHKH 


BUSAK* inactive after clock rising edge in 
last DMA cycle 






160 


TKHBO . 


Busses driven after BUSAK'^ inactive 




35 65 



NOTE: Busses refers to the Address Bus A0-A15; the Data Bus DO-07; 
and the Control Bus lines MEMRQ*, lORQ*, RD*, WR''^, INTAK*, 
REFRESH*^, MCSYNC*, STATUS ]* , and SYSRESET*. Other Control 
Bus lines are not floated. 



FIGURE 13 ; BUSRQ^/BUSAK''' (DMA) MACHINE CYCLES 



o 
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Hechani ca 1 

The 7803 meets all STD BUS mechanical specifications. 
Series 7000 Technical Manual for outline dimensions. 



Refer to the 



Envi ronmental 



c 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


Free Air Ambient 
Operating Temperature 





25 


55 


•Celsius 


Absolute Nonoperating 
Free Air Ambient 
Temperature 


-40 




75 


^Celsius 


Relative Humidity, 
Noncondensing 


5 




95 


% 


Abso I u te ^Nonoperat i ng 
Relative Humidity, 
Noncondcns i ng 







100 


% 



FIGURE ]k: ENVIRONMENTAL SPECIFICATIONS 
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SECTION M 



Z80 ARCHITECTURE AND INSTRUCTION SET 



o 




o 



FIGURE \5 : Z80 PROGRAMMING MODEL 



o 
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Z80 Archi tecture 

The Z80 architecture (Figure 15 ) consists of a 16-bit Instruction Register, 
a l6-bit Program Address Counter, a 16-bit Stack Pointer, two l6-bit Index 
Registers, an 8-bit Interrupt Page Register, and two bank-selectable sets of 
General Purpose Registers plus two bank-selectable Arithmetic/Logical Units (ALUs) 
A 6-bit Flag Register (in each ALU bank) holds processor condition code 
information. An 8-bit autocounting Refresh Register supports dynamic RAMs. 

Instruction Register: The 16-bit Instruction. Register provides storage and 
decoding for instruction opcodes as they are received from program memory. 

The Z80 executes all of the 8O8O instructions as a subset of instructions with 
8-bit (one byte) opcodes, and adds a large number of additional instructions 
of which most have 1 6-bit (two byte) opcodes. The processor receives the first 
opcode byte from memory and decodes it to determine if a second opcode byte 
follows. The instructions with 2-byte opcodes are identified by a first byte 
equal to hexadecimal CB, DD, ED, or !FD. 

The complete instruction word may consist of address or data information in 
addition to a 1-byte or 2-byte opcode. The full instruction may be up to four 
bytes (32 bits) long. Additional words of multi-byte instructions bypass the 
Instruction register. These words may be be immediate data for registers, 
a memory or I/O port address for direct addressing, or an offset address for 
indexed relative addressing. 

Program Address Counter (PC) ; The 16-bit Program Address Counter keeps track of 
the location of the next instruction to be executed from the program memory. 
The PC increments automatically for each instruction word unless the instruction 
is a jump or subroutine return which modifies the count by loading a new address. 

Stack Pointer (SP) ; A .16-bit auto-counting Stack Pointer provides the address 
of the subroutine return address stack location in RAM memory. The SP Is used 
for controlling subroutines and interrupts, and can also be used to "push" and 
"pull" data in memory at high speed. 

Subroutine return addresses are automatically stored on the stack when a 
jump- to- sub routine instruction is executed, and are retrieved when a return- 
f rom-subroutine instruction is executed. Z80 mode 1 and 2 interrupts are 
treated as subroutine jumps, taking advantage of the SP's 
return address storage and retrieval ability. 

All of the General Purpose Register Pairs and the ALU registers can be stored 
and retrieved from memory using the SP as an indirect address register. The 
resulting 16-bit data movement and automatic increment/decrement of the SP 
offer fast memory data manipulation. 

The current memory address in the SP can be brought into the HL Register Pair 
for arithmetic manipulation, then restored to the SP by the program. 

General Purpose Registers; Two identical banks of General Purppse Registers 
are provided in the Z80. ^Each consists of six 8-bit registers (B,C,D,E,H,L) 
which can also be treated as three 16-bit Register Pairs (EC, DE, HL) . The 
banks can be switched by a single instruction, providing fast interrupt response 
by saving the time required to store the register content in memory. Or they 
can be used as general fast access data storage in non-interrupt applications. 
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The Instruction set allows individual 8-bit registers to be loaded from any 
other register, loaded and stored in memory indirectly, or loaded immediately 
from the second byte of the instruction. All registers can be Incremented 
and decremented, added to or subtracted from the Accumulator, perform logic 
with the Accumulator, shifted or rotated arithmetically or logically. Each 
bit in each register can be addressed separately for testing, setting, and 
clearing. Register C can be used for indirect I/O port addressing. 

The three 1 6-bit register pairs can be loaded immediately from the second and 
third bytes of the instruction, incremented and decremented ^ stored directly in 
memory, added or subtracted to the HL pair and the Index Registers, and used 
as indirect address registers for operations with other 8-bit registers, memory, 
and the Accumulator. In arithmetic operations, carries and borrows are propagated 
from the low-order 8-bit register into the high-order register automatically. 

Arithmetic/ Logical Unit (ALU): The ALU consists of an 8-bit Accumulator Register 
(Register A) and a 6-bit condition code or Filiag Register (Register F) , pKus 
arithmetic, logical, shift, and control circuitry needed to execute the program 
instructions. The A and F register are treated as the AF Register Pair for 
push and pull operations involving the Stack Pointer Register. 

The ALU is duplicated in two banks, with bank switching accomplished by a single 

Instruction similar to the General Purpose Registers. The enabled ALU provides 

add and subtract with or without carry; AND, OR, Exclusive OR, compare, 

shift, rotate, and byte complement operations. ALU operations are performed 

on the Accumulator from other registers or memory, with direct. Indirect, ^_^ 

indexed, or immediate a<f<tre5S i ng . The Accumulator is the primary register for ■ I 

I/O communication. The Accumulator can be decimally adjusted and allows ^-bit 

nibble swap operations with memory for Binary Coded Decimal (BCD) arithmetic. 

Register F contains the following flags: 

C - Carry/Borrow from Accumulator bit 7 (arithmetic or rotate) 
- Carry for BCD arithmetic from Accumulator bit 3 
N - Specifies whether last operation was subtract, 

allowing different algorithm for BCD operations. 
Z - Zero resulted from the last Accumulator operation. 
S - Sign for signed binary arithmetic (same as Accumulator bit 7) 
PV - Parity/Overflow (signed binary arl thmetic); dual 

function flag, function depending on last Instruction 

PV shows. whether {NTF^O* is enabled when tested after the 

LDAl instruction (Figure 21), 

The C, Z, S, and PV flags can be tested by the conditional jump and subroutine 
return instructions. Special Instructions allow the C flag to be set, cleared, 
and complemented. When pushed/pulled on the Stack via the Stack Pointer as 
part of the AF register pair, the F register occupies 8 bits with the state of 
bits 3 and 5 unspecified. The states of the six flags can be preset by pulling 
program-prepared bits into Register F; the states of the untestable flags (0,N) 
can be determined by pushing Register F onto the Stack, then pulling the Stack 
data Into a Genera! Purpose register. 

Index Registers (IX and lY); The 16-bit Index Registers are used as Indirect 
memory address registers. The address supplied by IX and lY is modified by a 
relative offset which is one byte of the multibyte Indexed Instructions. The f\ 

Index Registers address memory to allow memory bytes to take part In the arithmetic ^"^ 
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^1^ and logical operations described above for the single 8-bit General Purpose Registers, 

^r When modifying the address content of the Index Registers, IX and lY are/treated 

as Register Pairs. The arithmetic, logical, and load/store operations that can 
be performed on the General Purpose Register Pairs can generally be performed on 
the Index Registers, although fewer instructions apply to IX and lY than to the 
BC, DE, and HL pairs. 

Input and Output Ports (I/O); 1/0 is mapped independently of memory with 
separate control signals and instructions. The OPA instruction writes data 
from the Accumulator to output ports, and the I PA instruction reads data from 
input ports to the Accumulator. A specific port is specified by the second 
byte of the instruction, allowing up to 256 each 8-bit input and output ports. 
In the 7803, all I/O ports are provided on separate cards. 

Communication with the ports can be direct from memory using HL as an-.address pointer 
when the Z80's Compound Instructions (below) are used. 

Compound Instructions: The Z80's instruction set contains several compound 
instructions which perform multiple functions, with or without automatic looping. 
These are implied sequence instructions which execute a fixed sequence of other 
instructions in the instruction set. They perform block Qnultiple byte) moyes 
within memory, search memory, and input or output to^or from memory fo the I/O ports. 
Register C as a port address pointer and HL as a memory address pointer. 
One compound instruction performs automatic count and jump functions for 
loop control alone. 

The compound instructions require approximately as much ^ me as the instruction 
sequences they replace , but offer program memory savings by 

eliminating instruction storage for common program functions. 







Interrupt : The Z80 offers three interrupt modes: 

- identical to the 808O interrupt system 

1 - implied vector interrupt (iRestart at OQ38 always) 

2 - supplied vector interrupt, with a single byte 

supplied by the interrupting device. 

In interrupt mode 2, the content of the Interrupt (I) Register \s the 
vector page address, and the byte supplied by the interrupting device is 
the vector Tine address. Together they form a 16-bit memory address which is 
the indirect address of the interrupt service routine for that device. 



Refresh Register (R) : The Z80 contains an 8-bit Refresh Register which is used 
to address dynamic RAM devices external to the 7803 card. In conjunction with 
the REFRESH" control signal, the processor can automatically refresh dynamic 
RAMs during the opcode fetch portion of the instruction 

cycle. This function is applicable primarily to certain dynamic RAM devices 
available from the manufacturers of the Z80 chip. 
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Z80 Program CompatibiUty with 808O, 8085 \J 

Both the Z80 and the 8085 include all of the 8O8O instructions as a subset, 
and these Instructions are all machine- language compatible. Programs written 
exclusively in 8O8O opcodes will execute on the Z80 with 

the following considerations: 

1. Execution times of 8O8O- identical instructions 
vary due to the number of time states required 
for execution (some more, some less) in the Z80 
and 8085, even if the processors are all operated 
at the same clock rate. Consequently, programmed 
timing (such as count-and-test time delays) will 
genera 1 1 y requ ire modi f-<cca t i on . 

2. Flag Register bit 2 is the PV (Pari ty/oVerf low) 
flag in the Z80, and parity only in the 808O/8O85. 
The added overflow function is for signed binary 
arithmetic. Stnce the parity and overflow functions 
are unrelated, occuring at different times in most 
programs, incompatibility does not usually result. 
However the flag's activity is different overall 

and the program, should be examined for sensitivity 
to the PV flag. 

Except for the differences noted, the Z80 resets to 808O compatibility and 
its additional features must be deliberately invoked by the program. 

o 



o 
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STO INSTRUCTION MNEMONICS 

The STD Instruction Mnemonics are a standard set 
of processor instruction abbreviations suitable for 
use as an assembly language for writing programs. 

These mnemonics are standard in that they do not 
change but keep the same meaning regardless of 
the processor they are applied to. They are also 
standard in that they are derived from a set of easily 
understood rules. 



The operator is a unique two letter abbreviation 
that suggests the action. 

The locator follows the operator and designates 
the operand or data to be operated on. instruc- 
tions without operands ignore the locator. 

The qualifier states the addressing mode or 
provides further qualifying information for 
compound instructions. 

The modifier carries detailed support Informa- 
tion, labeis, conditions, addressing and data. 



The instruction mnemonic is an abbreviated action 
statement containing an operator, a locator and a 
qualifier plus a supplemental and separate modifier. 



The operator, locator and qualifier letters are strung 
together to form the instruction mnemonic. The 
modifier, when needed, stands alone either in its 
own separate column or separated by spaces or 
additional lines in written text. 



o 





OPERATOR 






LOCATOR 






QUALIFIER 






MODIFIER 






INSTRUCTION DESCRIPTION 


RTS 


RT 


S 






Return from Subroutine 


CLA 


CL 


A 






Clear A 


LOAD 


LO 


A 







Load A Direct 


LOA B 


LO 


A 




B 


Load A with B 


LOAN (BC) 


LO 


A 


N 


(BC) 


Load A indirect using BC 
as an Address Pointer 


JS (LABEL) 


JS 






(LABEL) 


Jump to Subroutine 
Located at (LABEL) 



Figure i(P Examples of Instruction Mnemonic Structure 
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The following table lists the STD mnemonic operations, locators, modifiers, 
qualifiers, and other notation used in the instruction tables for the Z80 
in this section. 



STAfaOAMO MNCMOfMCS OCFINtTIONS 


OPERATIONS 


LOCATORS, MOOIP1ERS 


QUAUPIERS 


AO (AC) 


AOO (WITH CARRY) 


A.ACC 


ACCUMULATOR REGISTER 


C 


WITH CARRY 


AJ 


ADJUST OeCIMAL 


3.C.0) 


GENERAL a-SIT REGISTERS 


J 


ANO JUMP 






6.M.L / 







DIRECT ADDRESS. OR DECIMAL 


8S 


SANK SELECT 


f 


FLAG REGISTER 


1 


IMMEDIATE DATA 


CM 
CP 

oc 

OS 
EN 


COMPLEMENT 

COMPARE 

OECREMENT 

0ISA8LE 

ENABLE 


e 
d 
z 
1 
n 


CJirrvFI«« 
OacaiMlFlaf 

Si9nFta« 
S«( il SuMrael 


M 

X 
R 
T 

WP 


iNOtRECT ADDRESS 
INDEXED ADDRESS 
flELATIVE ADDRESS 
TOP OP STACK 

WORD fORWARO 


HCT 


HALT 


p/» 




BP 


SLOCK FORWARD 


IC 


INCREMENT 


t.O 


SUM o* Iwdlewd Fl«« 


WB 


WORD SACKWARO 


IP 


INPUT FROM PORT 


AP 


ACCUMULATOR. UMiS PAIRED 


SB 


SLOCK BACKWARD 


Jl 


JUMP TO INTERRUPT 


8C 

OE 

hl 






A 


ARITHMETIC 


JP 


JUMP 




GENERAL REGISTER PAIRS 


t 


LOGICAL 


JS 


JUMP TO SUSROUT1NC 




(tft^aiT DATA. POINTERS) 


M 


MOOS OR MULTIPLE 


LO 


LOAO 


it/ 

P.n 

1 


INDEX REGISTERS 






MV 


MOVE MEMORY 






NOP 

OP 
OR 


WO OPERATION 
OUTPUT TO PORT 
INCLUSIVE 


ANY REGISTER PAIR 
ANT SINGLE REGISTER 




IMSCfiLLANEOUS 






PS.PL 


PUSH. PULL VIA STACK 


M 


MEMORY. AOORSSSEO INOIRECTLY 


UN 


UNCONDITIONAL 


RL.MI 


ROTATE LETT. HICMT 


IN 


CONTENTS OP A MEMORY LOCATION 


NMI 


NONMASKABLE INTERRUPT 


XS 


RESET 


1 


INTERRUPT 


MSB 


HOST SHSNIPICANT SIT 


RT 


RETURN VIA STACK 


N 


NONMASKABLE INTERRUPT 


tSB 


LEAST SiGNIPICANT SIT 


se 

ST 


SET 
STORE 


S 


SUBROUTINE 


Cm 


JUMP CONOmON 


SU(SO 


SUBTRACT (WTTM CARRY) 


PC 


PROGRAM COUNTER 


Ps 


I/O PORT ADDRESS 


TS 


TEST 


SP 


STACK POINTER 


IM. 


MEMORY UNC ADDRESS 


xc 


EXCHANGE 


n 


RSPRCSM RIGIsrai 


iMjnP 
It 

M 


1«.Brr ADDRESS 
RELATIVE oppsrr 
S^IT DATA 
1S«T DATA 



o 



FIGURE 17: STD Mnemonics 



o 



24 



The Z80 Instruction Set 

Figures 18, 19 and 20 show the full ZSO instruction set with STD mnemonics 
and hexadecimal operation codes. The tables are grouped by 8-bit register 
operations, 16-bit register pair operations, ALU (Accumulator and Carry), 
program address control, I/O, machine control, and compound instructions. 

Figure 21 shows the bit organization of the 8-bit and l6-bit registers, 
the effect of the shift and rotate instructions, the allocation of memory 
by certain instructions, and the action of the flags (instructions not listed 
in the Flag Summary have no effect on the flags). Figure 22 shows relative 
addressing constants. 



f) 



•-•IT LOAD. 


sTone 


























mtm 














moomtm 








IMME- 
DIATE 


OPERATION 


A 


• 


e 





E 


H 


L 


•NNt) 


■dX) 


MOT) 


LOA 
LOB 
LOC 
LOO 
LOC 
LOM 
LOL 




79 


7t 


70 
41 


7A 
42 
4A 


7B 
43 

4C 

S3 


7C 
44 
4C 
S4 

sc 


70 
4S 

40 

ss 

so 
<s 


7E 
40 
4E 
SO 
SC 
00 

oc 


OOTCrr 
OO40(r 
004CfT 
OOSOrr 
OOSCrr 
DOOOrr 
OOOErr 


FOTErr 
FD4ifr 
FD4Err 
FOSOfT 
FOSCrr 
FOOOrr 
FOOCrr 


3CM 
OOM 
OEM 
10M 
ICdd 
20 dd 

3eM 


LOAD NEQISTCR A 
LOAD HEGiSTCR • 
LOAD REGISTER C 
LOAD REGISTER 
LOAD REGISTER C 
LOAD REGISTER H 
LOAD REGISTER L 


47 
4F 
S7 
SF 
•7 

•r 


40 


4* 
SO 
Si 
•0 
M 


4t 


SI 

so 

•1 

•0 


S2 


SA 
•3 
•A 


SO 


•3 

M 


•4 


•c 


•0 


STiN 
STiM 
STaM 


(HC) 
(IX) 
(IT) 


77 
0077rr 
f077fT 


70 
DOTOrr 
FOTOrr 


71 
OOrirr 
FOTIfT 


72 
0073fr 
F072fr 


73 
0073rr 
F073fT 


74 
0074rr 
F074fT 


7S 
007S« 
FOTSfT 


OOTOrr 
FO70fr 








STORE REGISTER IMOIRECT 


LOMI 
LOMI 
LOHN 


(HL) 
(l«) 
(IT) 






















30«M 

DOSOfrM 
FDSOrrM 


LOAD MEMORY IMMCOIATC 



•••IT ARITHMETIC 



ICa 
OCa 


fM 
IN 


3C 

30 


04 
OS 


OC 

OO 


14 
IS 


10 
10 


34 
3S 


3C 

20 


34 
3S 


0034rr 
003Srr 


F034rT 
FOSSrr 




INCREMENT REGISTER 
OCCRCMCNT REGISTER 


AOA 

ACA 


a 
1 


•7 

•F 


M 
H 


•1 

•0 


•3 

SA 


•3 

00 


•4 
OC 


•S 

•0 


•0 


OOOOrr 
OOOCrr 


FOOOrr 
FOOErr 


COM 
CCM 


ADO TO ACC 

ADO w/CARRT TO ACC 


SUA 
SCA 


a 
t 


t7 

•F 


M 

M 


•1 

M 


«2 

M 


•3 

OS 


•4 

OC 


00 

OO 


00 
•C 


DOOOrr 
OOOCrr 


FOOOrr 
FOOCrr 


DCM 


sua FROM ACC 

SUO v/SORROW FROM ACC 



•.•IT LOGIC 




























AMA 


i 


A7 


AO 


A1 


A2 


A3 


A4 


AS 


AO 


OOAOrr 


FOAOrr 


COM 


AND WITH ACC 


IRA 


I 


AF 


AS 


AO 


AA 


AS 


AC 


AO 


AC 


OOACfT 


FDAErr 


ec«d 


EXCLUSIVE OR WITH ACC 


ORA 


1 


S7 


•0 


•1 


B3 


B3 


B4 


BS 


•« 


OOBOrr 


FOBOrr 


FOM 


OR WITH ACC 


CRA 


1 


BF 


•0 


BO 


BA 


BB 


BC 


BO 


se 


OOBCrr 


FOaCrr 


FC(M 


COMRARC WITH ACC 



ROTATE. SHIFT 



RLaA 

RRlA. 




CS07 

caoF 


caoo 
caeo 


caoi 
caoo 


cao2 

caoA 


C883 

caoa 


cao4 
caoc 


caos 
caoo 


caoo 
caoE 


OOCBrrOO 
OOCSrrOE 


FOCBrrOO 
FOCBrrOE 


ROTATE REGISTER ARITHMETIC 
(• BIT; SETS FLAGS) 


RCaC 
RRaC 




CS17 
C»1F 


caio 
caio 


can 
caio 


cai3 
caiA 


CS13 

caia 


cai4 
caic 


cais 

caio 


caio 
caiE 


oocsmo 

OOCBrrlE 


FOCBrrlO 
FOCBrrlE 


ROTATE REGISTER ANO CARRY 
ARITHMETIC (0 BIT: SETS FLAGS) 


SLaA 
SRiA 


• 


CS27 
CS3F 


ca2o 
ca2o 


ca2i 
ca2o 


ca32 
casA 


csa3 
casa 


ca24 
ca2C 


ca2s 
ca2o 


ca2o 

ca2S 


OOCBrr20 
0OCarr2E 


FOCBrr20 
FOCBrr2E 


SHIFT ARITHMETIC j 


SRbI. 




casF 


cass 


caso 


casA 


casa 


case 


ca30 


casE 


OOCarrSE 


FOCBrrSC 


SHIFT RIGHT LOGICAL 



M FOR a M IN MSTR. MOOIFICR WILL BE EITHCR (HL): (IX)^. OR <IV)jr 



FIGURE 18 



Z80 INSTRUCTION SET 



25 



BIT UtkUmXAnOM 



INSTR 




WJUWJI ' 


OPCRATION 




A 


..' s 


e 





E 


M 


t. 


m 


a 


lY 


TM 

T«a 

TS3 

TV 
TM 

Tsr 


• 


ca«r 

GM4* 

esf7 

cs«r 

CMTT 
CSTT 


ea4s 

CS4S 

caso 

CSM 

CSM 
CSM 
CS7« 
CS7« 


CS41 
CSM 
CS<1 
CSM 

CS«1 
CSM 

can 

CS7« 


CSM 
CS4A 
CSM 

CSSA 
CSM 
CSM 
CS72 
CS7A 


CSM 

CSM 
CSM 
CSM 
CSM 
CSM 
CS73 
CS7S 


CSM 
CS«C 
CSM 

esse 

CSM 

cscc 

CS74 
CS7C 


CSM 
CS40 
CSM 

CSSO 
CSM 
CSSO 
CS7S 
CS70 


CSM 
CSM 
CSM 
CSM 
CSM 
CSM 
CS7« 
C87C 


OOCanM 
OOCSMC 
OOCSnM 
OOCSffM 
OOCSnM 
OOCSfTM 

oocnttn 

OOCarrTC 


FOCanM 
rOC9n4€ 

focaiTM 
Focarrse 

FOCanM 

rocarrM 

FOCSrrTB 
FOCarrTC 


TCST BIT 

It m* M<Mt«d M< -- 1. 
cMar MM Z (tag 

t*t xtfZnmq 




Ml 

nsa 

IIS3 

RS4 

nss 

MS* 

RS7 


• 


cstr 

CSV 

cstr 

cstr 

CSA7 
CSAT 
CS87 

cssr 


CSM 
CSM 
CSM 
CSM 
CSM 
CSM 

csso 

csss 


csai 

CSM 
CStI 
CSM 
CSA1 
CSA* 
CSS1 

csst 


CSM 
CSM 
CSM 
CSM 

CSAA 

cssa 

CSSA 


CSM 

CSM 
CSM 
CSM 
CSA3 
CSAS 

cssa 
casa 


CSM 

esse 

CSM 

esse 

CSA4 

caAC 
cas4 
case 


CSM 

caao 
caM 
caao 
caAs 
caAO 
caas 
caao 


caM 
caM 
caM 
caM 
caAs 
caAC 
caas 
caac 


OOCarrM 
OOCairM 
OOCatrM 

DDca*nc 
oocafTAS 
oocaiTAC 

OOCarrM 

ODCanSC 


rocarrM 

FOCanM 
FOCanM 

rocarrM 
rocarrAs 

FOCaiTAC 

rocarrss 
rocarrsc 


RCSCT SIT 

Clear tfw MiMlMl Mt 


sea 

SCI 
SC2 

sea 

SC4 

scs 
sc« 

SC7 




C8C7 

cscr 

CS07 

csor 
cscr 

CMP 
CSPT 

cs^ 


CSC8 
CSCS 

csoo 
csot 
csco 
csei 

csro 

CSPS 


CSC1 

csc« 

CS01 
CSOt 

csti 
csc« 

CSPI 
CSP« 


CSC2 
CSCA 

csm 

CSC2 


cac3 
eacs 
caoa 
caos 
csca 
cacs 
caP3 
caps 


cac4 
cscc 
cao4 
caoc 
cac4 
cacc 
caP4 
capc 


cacs 
caco 
caos 
caoo 
cacs 
caco 
caps 
caPO 


cacs 
cscc 
csos 
csoc 
cacs 
cacc 
caps 
capc 


OOCCitCS 
OOCarrCC 
OOCafrOS 
OOCarrOC 
OOCafrCS 

oocancc 
oocaffps 
oocanpc 


rocarrct 
rocarrcs 

rocarros 

FOCarrOC 

rocarrcs 
Focarrce 

FOCarrfS 
FOCarrPC 


• 

SCT BIT 

1— »tt 

S4t tfl# MtoCtffQ btt 


CSCA 

CSP3 
CSPA 


i«-«micati 


rrcn^AH 


1 























o 



WWTS 








MKNHPSEM 








OPCRATtOM 




hJF 


M£ 


DJB 


MX 


SP 


« 


IT 


AOP 


HLjoi 




9» 


1« 


IB 


3S 




■5 


AOO PAIR TO THE H L PAIR 


ACP 


NLJI 




E04A 


EOSA 


EOSA 


E07A 






AOO PAIR w/CARRV TO H L 


SCP 


m.jM 




E043 


E092 


EOM 


E072 






SUBTRACT PAIR w/CARRV FROM H C 


AOP 


II.n 




OOM 


001S 




0O3S 


0O2S 




AOO PAIR TO INOEX REGISTER IX 


AOP 


IT.«B 




TOM 


rois 




roM 




F02S 


AOO PAIR TO INOEX REGISTER IV 


ICP- 


11 




03 


ta 


» 


33 


0023 


ro23 


INCREMENT REGISTER PAIR 


OCP 


la 




M 


10 


a 


» 


002a 


F02B 


OECRCMCNT REGISTER PAIR 


LOAN 


la 




OA 


1A 


7t 








LOAO ACC INOIRECT 


STAN 


ta 




02 


12 


rt 








STORE ACC INOIRECT 


LOP* 


■a 




OldLdM 


ildLdM 


21dLdM 


JitfLdM 


0021dt.dM 


F02im.dH 


LOAO PAIR IMMEDIATE 


UOPO 


u 




eOMiiMjnP 


EDsamUnP 


2AifiUnP 


E07SnMjnP 


002AmC<iiP 


F02Amt.inP 


LOAO PAIR DIRECT FROM MCMORV 


STPO 


la 




e043H«imP 


EDSamCinP 


MmCmP 


EOTImt mP 


0032mLmP 


F022in»,mP 


STORE PAIR DIRECT IN MEMORY 


PSP 


la 


n 


cs 


09 


E5 




00C5 


FOES 


PUSH PAIR. STACK J 


FIP 


ta 


F1 


CI 


01 


El 




00C1 


FOCI 


PULL PAIR. STACK '2 


SSA 

SSP 




OS 














SANK SELECT REGISTERS A.F 
SANK SELECT REG PAIRS 8C.0E.HL 




OS 


XCP 

LOP 


OC.HI. 






E8 




OOFS 


FOFS 


EXCHANGE PAIR OE WITH HL 
LOAO STACK POINTER WITH PAIR 




FS 


ICPT 


la 








ES 




00C3 


FOE 3 


EXCHANGE PAIR WITH TOP OF STACK 



o 



jiMai» iNOtnccT 



JUISI» TO INTf RMurr 



iNsm 


MOO 


HL 


IX 


lY 


OPCfUTiON 


JPM 


a 


C9 


0OC9 


POC9 


JUMT momecT 





iNsm 


MOO 


JUM» TO AOOAESS IN MCMONV PAGE OO j 


M 


OS 


IS 


IS 


•m 


2t 


30 


as 


» 


a 


C7 


CT 


or 


or 


S7 


EF 


FT 


PF 



PROGRAM AOORCSS CONTROL 



INSTR 






MOOIPICR 


OPCRAnON 


UN 


^0 


> 


000 


-f 


:o 


< 


ovp 


^_ 


ARITHMETIC 


28 


CO 


PVO 


M 


Z1 


CI 


PV1 


SI 


LOGlCAt 


JP 
JPR 
JS 
RTS 


Cs 
Ca 
Ca 
Ca 


C3mCmP 

iSrr 

COiNlinP 

CS 


CaiMjnP 

20if 
C4i«NjnP 

ca 


OanNjilP 
JSrr 

04IM.IMP 

00 


E2inCmP 

E4MMJNP 
SO 


F2fiH.mP 

F<iwim» 
FO 


CAmCmP 
2Srr 

CCmUnP 
CS 


OAmlmP 

ISrr 
aCmUNP 

OS 


EAiNCmP 

ECmUnP 
ES 


FAmCmP 

FCoMjnP 
FS 


JUMP OM CONDITION TO mCmP 
JUMP RELATIVE TO PC • rr 
SU8ROUTINC OM CONDITION AT mCmP 
RCTURN FROM SU8ROUTINC 



FIGURE \C{ 



Z8O INSTRUCTION SET 



o 



26 







ACCUMULATOR. CAMRV CONTROL 



MACHHW CONTROL INSTRUCTIONS 



INSTR 


MOD 


CODE 


ORCRATION 


CLAC 

CLC 

SEC 




AF 
87 
37 


CLEAR ACC. CARRY 
CLEAR CARRY FLAG 
SET CARRY FLAG 


CMC 

CMAL 

CMAA 




3f 

2F 

ED44 


COMPLEMENT CARRY 
COMPLEMENT ACC LOGICAL 
COMPLEMENT ACC ARITHMETIC 


AJAO 




27 


ADJUST ACC DECIMALLY 


RLA 
RRA 




07 
Of 


ROTATE ACC 
(SBIT) 


RLAC 
RRAC 




17 


ROTATE ACC AND CARRY 
{9 BIT) 


RLAM 
RRAM 


(ML) 
(HL) 


ED«F 
ED67 


ROTATE ACC MULTIPLE 
WITH MEMORY 


LOA 
LOR 


R 
A 


EDSf 
ED4f 


LOAD ACC FROM REF5H 
STORE ACC IN REFSH 


LOAD 
STAC 




3AftiLmP 


LOAD ACC DIRECT 
STORE ACC DIRECT 



INSTR 


MOO 


CODE 


OPERATION 


ENI 
OSI 




FB 

F3 


ENABLE INTERRUPT 
DISABLE INTERRUPT 


SEIM 
SEIM 
SEIM 




1 
2 


ED4« 
EOS< 
EOSE 


INTERRUPT MODE 
INTERRUPT MODE 1 
INTERRUPT MODE 2 


LOA 
LOI 


1 

A 


ED57 
ED47 


LOAD ACC FROM INTERRUPT REG 
LOAD INTERRUPT REG FROM ACC 


RTI 
RTN 




E040 
ED4S 


RETURN FROM INTRO 
RETURN FROM NMIRO 


NOP 
HLT 




00 
7« 


NO OPERATION 
HALT 


LOA 
LOR 


R 
A 


EDSF 
ED4F 


LOAD ACC FROM REFRESH REG 
LOAD REFRESH REG FROM ACC 



IMPUt' OUTPUT NMTIIUCnOM* 



IMSTN 


MOO 


A 


• 


c 





c 


r 


H 


L 


OPCfUTION 


IPA 
IP«N 


Pi 
(CU 


ORpp 

eo7« 


E040 


EDM 


COM 


COM 


C070 


COM 


COM 


INPUT omccT rnoM port pi to acc. 

INPUT INOINCCT FMOM PONT OCFINCD tV |C) TO RCOISTCR NAMCO 


OP* 
OP»N 


Pi 
(CVJi 


039P 
f07« 


C04t 


COM 


cost 


COM 




CO«1 


COM 


output 6»*ldf tn6»» Aftd fS W»f>i. 

OUTPUT IMOIRCCT FflOM MCOItTIR NAMCO TO PORT OtPINCD OV (CV 



o 



eOMPOUMO MttTRUCnONt 



INST1I 


MOO 


OUAUFim 


OPCRATION 


WORD 
FOKWANO 


•LOCK 
FORWAMO 


WORO 
BACKWARO 


BLOCK 
BACKWARO 


U'WF 


ii>BF 


ll<WB 


u^sa 


MVu 




COAfl 


COM 


eoA« 


COBB 


MOVC MCMORV WORO FROM <HL) TO (OC): 

INCRCMCNT FORWARO OR OCCRCMEMT BACKWARO OC AMO HU 

OCCRCMCNT (COUNT) BC; IF BLOCK. RCPCAT UNTIL <BC1 ■■ 0. 


CPn 




COA1 


C001 


COA* 


COM 


COMPARE ACC WITH (HLL RESULT TO F: 

INCRCMCNT FORWARO OR OCCRCMCNT BACKWARO HL: 

OCCRCMCNT (COUNT) 8C IF BLOCK. RCPCAT UNTIL ACC ' (HL) OR BC ^ & 


iPn 




CDA2 


COM 


COAA 


COBA 


INPUT FROM PORT OCFINCD BY (C). STORC IN (HL): 
INCRCMOrr FORWARO OR OCCRCMCNT BACKWARO HU 
OCCRCMCNT COUNT B: IF BLOCK RCPCAT UNTIL B ^ t. 


OPn 




eOAS 


con 


COAB 


COBB 


OUTPUT DATA FROM (HL) TO PORT OCFINCD BY (CX 
INCRCMCNT FORWARO OR OCCRCMCNT BACKWARO HL: 
OCCRCMCNT B: IF BLOCK. RCPCAT UNTK B ^ «. 



I ^^--^^t I 



OCCRCMCNT g; IF 8 ^ B. JUMP TO (PC*n). 



FIGURE 2JD : Z80 INSTRUCTION SET 
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AUTOMATIC MKMOIIY OPCRATIOMS 



SHWT. ROTATE SUMMARY 



MSTNUCnOM 


DATA FLOW 


COMMENT 


JUJS. 

ANY 

tNTCRRUPT 




stt-tAfren 


ANYRCT 


(S»»1) m ml» 


Sl>4>2 ArTER 


tOAO/STONC. 

AMY ftCOtSTCII 

PAIN 
INMCMONY 




dt^flEGISTERS F. & E. L 
dH'MEOISTERS A. B. 0. H 



NOTE: This table shows how the processor 
allocates memory automatically when certain 
instructions are executed. For example, 
the PLP instruction pulls a line address or 
low-order register (C,E,F,L); increments 
the SP, then pulls a page address or high- 
order register (A,B,0,H); and increments 
the SP again, leaving the SP two counts 
higher than i ts initial value. 

fUka SUMMARY 



iNSTmjcnoN 


S 


z 


• 





• 


RV 


N 


C 


AOA.ACA 


s 


z 









V 


NO 


C 


SUA. SCA. CPA, CMAA 




z 









V 


N1 


C 


ANA 




z 




01 




R 


NO 


CO 


ORA. XRA. CLC 




z 




00 




R 


NO 


CO 


CLAC 


so 


Z1 




00 




R1 


NO 


CO 


TSi 




z 




01 




• 


NO 




tCx 




z 









V 


NO 




OCX 




z 









V 


N1 




LOA i. LOA R 




z 




00 




IRR 


NO 




AJA 




z 









R 




C 


CMAL 








01 






N1 




CMC 








• 






NO 


C 


SEC 








00 






NO 


CI 


RCA. RRA. RLAC RRAC 








00 






NO 


c 


RIJtA. RRiA. RUC RRiC 


s 


z 




00 




R 


NO 


c 


StjU^ SRsA. SRzt. 


s 


z 




00 




R 


NO 




IR. IRRN 


s 


z 




00 




R 


NO 




AOR 








• 






NO 


c 


ACR 


s 


z 




• 




V 


NO 


c 


SCR 


s 


z 




• 




V 


N1 


c 


IRWR, IRWS. ORWR, ORWB 


• 


z 




• 




• 


N1 




IRSF. IPSa. ORSR. 0R«8 


• 


Z1 




• 




• 


N1 




MVWP. MVW8 


• 


• 




00 




CTR 


NO 




UVER, MV88 


• 


• 




00 




RVO 


NO 




CRWR. CRWB, CRBR, CR«B 


• 

1 


z 




• 


1 


CTR 


N1 





INSTRUCnOM 



RUAJIRsA 

RLA.RRA 

I BIT ROTATE 



RUCRRsC 
RtACRRAC 
f BIT ROTATE 



AfirrNMETIC 
SMIRTLEFT 



SRiA 

AfUTMMETIC 
SHIRT RIGHT 



uoaic 

SHIRT RIGHT 



ROTATE ACC 
MUITIRLE 
WITH MEMORY 
tEFT/RIGHT 



SHIFT OIRECnON 



I I < » ■ 

' [ by it R» dOl i »' 

' UR 



o 



I — ; I ' — 1 

' \ W ^C R» ttO| » » f c] 



(cT*-— (i»7 ««c 



3*— -I 



cf 



M 



H-CH 



j-Hi 



b7 R» M 



l-HU 



R L 



A b7 MbS M 



\b7 ft4JM t»ej(ML) 



L R 



L R 



o 



REGISTER ORGANIZATION 

r-MSB USB— t 



7 • S 4 3 2 1 a 



A.a.C.O.E.H.m.R. Ports 



p- MSB 










LSB-j 


7 


6 


s 


4 


3 


2 


1 





S 


Z 


• 


• 


PV 


N 


c 


F 



-MSB- - 


A.a.o.H 


- - - 


— 


■ - 


- 





F.C,E.t 


-- 


uSB— 1 


IS 


14 


13 


12 


11 


10 9 


s 


7 


« 


S 


4 


3 


2 


1 





REGISTERS PC. SP. IX. lY 
REGISTER PAIRS AF. BC. OE. HL 



NOTES: 

S. Z. O. P. V. C: FUAG CHANGES ACCORDING TO OPERATION RESULT 

0.1: 
IRR: 
CTR: 



FIGURE L\ 



SUPPLIMENTARY INSTRUCTION 



BLANK: 



FLAG ASSUMES SPECIFIC LOGIC STATE SHOWN 
PV FLAG - 1 IF EMI IN EFFECT. ELSE ^ 
PV FLAG ■- 1 IF COUNTER (BC) > 0, ELSE ^ 
FLAG UNOEF1NEO 
NO CHANGE 



NFORMATION 



o 



28 



^ 



FONWARO RBLATIVE OFFSET 



© 





00 




10 




AOOMESS ft» THRU 127 COOM1 


rs 
50 




60 




70 





16 


32 


20 


48 


30 


64 


40 


80 


96 


112 


1 


01 


17 


11 


33 


21 


49 


31 


65 


41 


81 


51 


97 


61 


113 


71 


2 


OS 


18 


12 


34 


22 


50 


32 


66 


42 


82 


52 


98 


62 


114 


72 


3 


03 


19 


13 


35 


23 


51 


33 


67 


43 


S3 


53 


99 


63 


115 


73 


4 


04 


20 


14 


36 


24 


52 


34 


68 


44 


84 


54 


100 


64 


116 


74 


s 


OS 


21 


15 


37 


25 


S3 


35 


69 


45 


85 


55 


101 


65 


117 


75 


6 


06 


22 


16 


38 


26 


54 


36 


70 


46 


86 


56 


102 


66 


lie 


76 


7 


07 


23 


17 


38 


27 


55 


37 


71 


47 


87 


57 


loa 


67 


119 


77 


S 


06 


24 


18 


40 


28 


56 


38 


72 


48 


88 


58 


104 


68 


120 


78 


9 


06 


25 


19 


41 


29 


57 


39 


73 


49 


89 


59 


105 


69 


121 


79 


10 


OA 


26 


1A 


42 


2A 


58 


3A 


74 


4A 


90 


5A 


106 


6A 


122 


7A 


11 


OB 


27 


18 


43 


28 


59 


38 


75 


48 


91 


SB 


107 


68 


123 


78 


12 


W 


28 


1C 


44 


2C 


■ 60 


X 


76 


4C 


92 


SC 


108 


SC 


124 


7C 


13 


OO 


29 


10 


45 


2D 


61 


30 


77 


40 


93 


50 


109 


SO 


125 


TO 


u 


OE 


30 


IE 


46 


2E 


S2 


3E 


78 


4E 


94 


5E 


110 


6E 


126 


7E 


15 


OF 


31 

CO 


IF 


47 
EROA 


2F 


63 


3F 


79 


4F 


95 


5F 


111 

c 


8F 


127 


7F 




UHTZ 


TS6C 


ONO* 


OORE! 


SAn 


IB JU 


MI^MN 


EMON 







BACKWARD RELATIVE OFFSET 





FF 








Al 

OF 


JORES 


SrOR 
CF 


THRO 121 COIWTS 




9F 




8F 




17 


EF 


33 


49 


65 


BF 


81 


AF 


97 


113 




FE 


16 


EE 


34 


OE 


50 


CE 


66 


BE 


82 


AE 


98 


96 


114 


8E 




FO 


19 


EO 


35 


DO 


51 


CO 


67 


SO 


83 


AO 


99 


90 


115 


80 




FC 


20 


EC 


36 


DC 


52 


CC 


68 


BC 


84 


AC 


10O 


9C 


116 


8C 




FB 


21 


,EB. 


37 


08 


S3 


ca 


69 


88 


85 


AB 


101 


96 


117 


88 




FA 


22 


EA 


38 


OA 


54 


CA 


70 


BA 


86 


AA 


102 


9A 


118 


8A 




F» 


23 


E9 


39 


09 


55 


eg 


71 


89 


87 


A9 


103 


99 


119 


89 




F8 


24 


E8 


40 


08 


56 


C8 


72 


88 


88 


AS 


104 


98 


120 


88 




F7 


25 


E7 


41 


07 


57 


C7 


73 


87 


89 


A7 


105 


97 


121 


87 




F6 


26 


E6 


42 


06 


58 


C6 


74 


86 


90 


A6 


106 


96 


122 


86 




F5 


27 


E5 


43 


05 


59 


C5 


75 


as 


91 


AS 


107 


95 


123 


85 




F4 


28 


E4 


44 


04 


SO 


C4 


76 


B4 


92 


A4 


108 


94 


124 


84 




F3 


29 


E3 


45 


03 


61 


C3 


77 


83 


93 


A3 


109 


93 


125 


83 




F2 


30 


E2 


46 


02 


62 


C2 


78 


82 


94 


A2 


110 


92 


126 


82 




F1 


31 


El 


47 


01 


63 


CI 


79 


81 


95 


A1 


111 


91 


127 


81 




FO 


32 


EO 


48 


00 


64 

STAC 


CO 


80 


BO 


96 

FMNE 


AO 


112 


90 


128 


80 




COUM 


rONE 


ATFI* 


0RES5 


Arrg 


B JUM 


MOMC 









FIGURE ZZ 



DECIMAL/HEXADECIMAL RELATIVE OFFSET TABLES 



29 



Interrupts 

The 7803 has two interrupt request inputs which are accessafale at the STD 3US 
backplane: NMIRQ* (pin kS) and INTRQ.* (pin kk) . The characteristics of these 
interrupts are: 

NM I RQ* - Nonmaskable interrupt request cannot be disabled by the program. 

The processor stores the address of the 
next instruction in its program on the Stack using the SP as a memory pointer, 
then jumps to memory address location OO66 hexadecimal-. Any return-f rom-sub- 
routine instruction may be used to resume the Interrupted program, but a special 
RTN (Return from nonmaskable interrupt) instruction Is included to inform any 
Z80 peripheral chips in the system that the interrupt is over. 

I NTRQ," - Maskable interrupt request can be disabled and enabled by the program, 
and can operate \n one of three modes: 

1. Mode is identical to the 808O interrupt system. 
The processor issues INTAK* (interrupt acknowledge), 
which is used as an enable signal by the interrupting 
device. During INTAK* the interrupting device places 
an instruction opcode on the 7803 Data Bus, which the 
processor will execute. Either a 1-byte or 2-byte 
opcode may be used. If the opcode \i part of a multi- 
byte instruction, one or two additional bytes must be 
placed on the Bus following the opcode (for example, 

a jump instruction consists of a 1-byte opcode and 
two addional bytes of jump-address information). 

Note: The Z80 will execute one interrupt acknowledge 
cycle and issue one INTAK* pulse for a one-byte 
opcode, or two cycles with two INTAK* pulses for a 
2-byte opcode. However, it will not generate INTAK* 
during any subsequent cycles that may be required 
by the specific instruction being executed. 

2. Mode 1 is the implied vector mode, with the implied 
vector address equal to OO38 hexadecimal. In Mode 1, 
any I NTRQ* results in a subroutine jump to OO38. 

3. Mode 2 is the supplied vector mode. The user preloads 
Register I with the page address of an interrupt vector 
lookup table which is part of the program. When the 
interrupt is acknowledged by the processor, a single 
INTAK* pulse is Issued which causes the interrupting 
devic e to place the correct memory line number of the 
interrupt vector lookup table onto the STD Data Bus. 
The processor will then go to the lookup table at the 
address supplied by the peripheral; read a 16-bit memory 
address from two sequential entries In the table (line 
address followed by page address)jand jump to that 
location in memory. 
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INTRQ* Is enabled by the EN I instruction, and disabled by any of the following 

a. Power-on or reset 

b. The DSI instruction 

c. Previous response to INTRQ* 

d. Previous response to NMIRQ* 

Z8Q Peripheral Chip Considerations : When used with Z80 peripheral chips, such 
as the PIO or SIO, these considerations and otheis may apply: 

a. In Mode 2, the 1-byte vector supplied by the interrupting device 
must be an even number with bit = 0. This is a requirement of 
the peripheral chips, not the 7803 which will accept odd or even 
vectors. 

b. In Mode with either JS or Jl instructions inserted, and in Modes 
1 and 2, the interrupt routine should be terminated with RTl (for 
INTRQ*) or RTN (for NMIRQ*) instructions. These execute like RTS 
in the 7803, but the special opcodes inform the peripheral chips 
that the interrupt routine is over. The peripheral chips then 
respond by restoring the state of the serial Priority Chain. 

It is recommended that the user thoroughly acquaint himself with all the 
characteristics of ^n.;' peripheral chips^^^efore attempting the program design. 
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SECTION 5 



PROGRAM INSTRUCTION TIMING 
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Introduction 

The execution of a program instruction is a sequential process. The time state 
clock is used to step the Z80 through a specific sequence for 

each instruction type. The execution time for each instruction is the total of 
the time states needed by the Instruction, with the time state period set by the 
processor's clock oscillator. 

An understanding of the Z80's instruction execution timing is important 

in real time programming, where the program's execution rate is precisely matched 

to the speed requirements of the application. When using a signal or logic 

analyzer , a knowledge of the time state sequence makes i t possible to 

predict the data and control states present on the STD BUS backplane and at the 

Z80 chip pins at any given instant in the execution of a program (prgure 31 1; 

Machine Cycles 

Each transaction between the ZSO and its memory and I/O ports requires a distinct 
time period called a machine cycle. Machine cycles are composed in turn of 
time states, with specific activity occurring in each time state. Although the 
number of time states and machine cycles vary among different types of instructions,) 
they are precisely predictable for any given instruction. 



Figure 23 is a timing diagram for the STAD (STore Accumulator Direct) instruction, 
This instruction requires four machine cycles (Ml through m4) with a total of 13 
time states. Four machine cycles are necessary because the instruction accesses 
memory four times. 
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FIGURE 23 : PROCESSOR TIMING FOR STAD INSTRUCTION 
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The first machine cycle in the instruction (Ml in Figure 23 ) is used to read 
and decode the operation code (opcode ) from program memory. Ml is called the 
opcode fetch cycle , and can be identified by an active pulse on the STATUS 1* 
output from the 7803 (also at the Ml" pin on the Z80 chip). 

Many ZSO instructions use 2-byte opcodes. If the first byte has a htexadecimal 
value of CB, DD, ED, or FD, a second byte is required. The Program Counter 
is incremented and the Ml cycle is repeated to read the rest of the opcode. 
STATUS 1* is asserted a second time. 

Each Ml cycle requires a minimum of four time states (Tl through Tk in Figured), 
but this may be stretched to up to 11 time states in some instructions, allowing 
time for the instruction to fully execute if no additional machine cycles are 
needed. The shortest instructions use one machine cycle with four time states; 
the longest require six machine cycles (two Ml opcode fetches plus M2 through M5 
for additional memory accesses) with a total of 23 time states. 

When the ZSO interprets the first opcode byte during Ml, it will add additional 
machine cycles to the instruction if it finds that: 

a. The instruction has a 2-byte opcode; and/or 

b. The instruction has 1 or 2 additional bytes of data, 
memory address, port address, or relative offset appended 
to the opcode; and/or 

c. The instruction requires the processor to access memory 
or an I/O port as part of the function performed by the 
instruction. 

For example, the STAD instruction in Figure 23 is a 3"byte instruction (1-byte 
opcode plus 16-bit memory address in the two bytes appended to the opcode), and 
STAD is an instruction whose function is to store data in memory; Therefore 
STAD requires k machine cycles with Ml used to read the opcode, M2 and M3 used 
to read the specified memory address, and m4 used to perform the operation of 
storing data in memory. 

WAIT States 



Although the minimum number of time states in any given machine cycle is fixed, 
the user can insert one or more WAIT states in the cycle. WAIT states are added 
by driving the 7803's WAITRQ* line active during the T2 time state in the machine 
cycle where the WAIT state is desTred (Section 3 for timing). The WAIT state 
is a do-nothing time period that can be used to interface slow memories to the 
7803, or to cause the processor to pause while a slow system function (such as an 
analog'-to-digi tal converter or arithmetic processor) completes its task. The 
effect of holding WAITRQ* active indefinitely is to halt the processor; when 
WAITRQ* is released, the processor resumes operation with no change in Its internal 
data or control states. 

Note that the Z80 adds one WAIT state to all I/O access machine cycles automatically 
Additional WAIT states can be added by the user if desired. 

Naturally the addition of WAIT states must be included in the computation of program 
execution time in real-time control applications. Each WAIT state requires one 
full time state clock period. 
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DMA Mode 

Direct Memory Access (DMA) operations are controlled by driving the 7803's 
BUSRQ.'"'' line active when sampled at the end of any time state. The processor 
will complete the current instruction, then float its Data Bus, Address Bus, 
and many Control Bus lines (Figure 3 ). BUSAK* then goes active. 

The BUSAK* output signifies that the 7803's 3-state bus drivers are in the 
OFF condition, allowing an alternate system controller card to operate the 7803 's 
memory, I/O, and other peripheral cards. Internally, the Z80 is halted in a manner 
similar to the WAIT state, with internal data and control states unaffected by 
the DMA operation. BUSRQ* can be held active indefinitely, but the dynamic RAM 
refresh operation is halted during DMA operations. 

Note: the 7803 's onboard memory sockets are not accessable in DMA mode, and 
the processor can't be interrupted by INTRQ* or NMIRQ.*. 



instruction Timing Table 

The table in Figure 2M shows the actual number of memory bytes, machine cycles and 
time states required for all of the Z80 instructions. , Two time state periods 
are included for convenience with the full execution time of the instructions 
shown for each. 
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FIGURE 24 A: Z80 INSTRUCTION TIMING SUMMARY 
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FIGURE ^4 B: Z80 INSTRUCTION TIMING SUMMARY 
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Instruction Timing Example 

The execution time for any routine or program segment is found by totalling all 
of the time states in all of the instructions executed. The factors affecting the 
execution time of a program segment are: 



© 



a. The clock frequency, which determines 
the time state period (Section 3 ). 

b. The specific instructions used, which 
determine, the number of time states in 
the segment (Figure 2**^ ). 

c. The instantaneous Flag (Register F) bit 
states which summarize processor CQndi;tions 
when the conditional Instructions (jump, 
jump-to-subroutine, re turn- from-sub routine) 
are executed (Figure 2.1 ). 

d. The number of instruction loops within 

the Instruction sequence, and the number of 
times each loop Is executed (loop iterations). 

e. If the program segment has more than one 
entrance or exit, every combination of routes 
through the segment that are used by the 
program should be considered. 

The following example shows how to compute execution times In a program segment. 
The Z80 Is programmed to generate a series of five short pulses at an output 
port bit line. Determine the overall execution time of the program segment and 
the period of the pulses generated (the output port bit lines are low when the 
segment Is entered; only the bit 7 line Is of Interest). 
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FIGURE 25": INSTRUCTION SEGMENT TIMING EXAMPLE 
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In the example in Figure , six of the program segment's nine Instructions are 
within the loop and are executed five times each. Three of the instructions 
(LDBI, CLAC, OPA) are outside the loop and executed only once. 
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,F1GURE 7Jo : SAMPLE TIMING CALCULATION 

The total execution time for the instructions performed once, outside the loop, is 

2,3 ■»• 1.6 + 4.4 « 8.8 us. 

One pass through the loop requires 

1.6 + k.k + 2,3 + k.k + 1.6 + k.O = 18.8 us. 

The loop is repeated five times, so the total execution time for the program 
segment is 

8.8 + [(5)(18.8)] '* 102.8 us. 

The period of the pulses Is found by adding the time the pulse Is low to the 
time the pulse Is high. The pulse is low from the end of the first OPA 
instruction to the end of the second; 

2.8 + k.k ■ 7.2 us. 

The pulse Is high from the end of the second OPA instruction until the end of 
the first (around the loop) or until the end of the third OPA (the fifth time 
through the loop) : 

1.6 + k.O + 1.6 + k.k « 11.6 us. 

The total period of each pulse Is 

7.2 + n.6 » 18.3 us. 
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SECTION lo - MEMORY AND I/O MAPPING AND CONTROL 

Memory Addressing 

The 780 3' s 16-bit Address Bus can directly address a 65,536-byte (64k) memory. 
A specific memory location is addressed when these conditions are met: 

a. The Address Bus contains the specific address of 
the memory location (0000 through FFFF hexadecimal); 

b. MEMRQ* (memory request) and RD* (read) or WR* (write) 
control signals are active; 

c. MEMEX* (memory expansion) is active. 

Other factors affecting the 7803's control of its memory are: 

a. In the Interrupt Acknowledge Cycle ^ 

the 7803 Issues INTAK* In place of the memory enable 
signals, when responding to INTRQ*. This causes the 
interrupting device to provide an Instruction or vector to the 7803 
over the STD Data Bus. 

b. The 7803 can pause to wait for a Slow memory-mapped 
device, or be single-stepped, by inserting WAIT states 
in memory access machine cycles. See WAIT^^Q.*, Section 

c. The 7803 can disconnect from the STD BUS and enter the 
WAIT state while Direct Memory Access (DMA) operations 
are conducted by an alternate system controller card. 
DMA is controlled .by the BUSRQ*/BUSAK* (Bus Request/ 
Bus Acknowledge) signals. 

A typical memory impletuentation is<:shown In Figure Z.% 

12K-Byte Onboard Memory 

The 7803 card lias a combined EPROa/ROM and RAM memory on the card which is large 
enough to store the program and variable data required in many applications, without 
the neeJ for aiiultional external memory cards. The card is shipped with IK of RAM ; ■ 
and sockets which allow the user to add up to 8K of EPROM or masked :iOM devices and 7© 
expand the RAM to 4K. The onboard memory sockets have addressing restrictions 
(Figure ^7 ) and are not accessable in DMA operations. 

The onboard memory Is organized as follo^vs: 

a. EPROM/ROM sockets : provide capacity for four 2716 or equivalent 
single +5V supply EPROM devices which can be mixed in any combination 
with 23I6E or equivalent masked ROMs. Each device is a 2048-byte (2K) 
read-only memory for a total capacity of 8192 (8k) bytes. All of 
these devices are supplied by the user. 

b. RAM and RAM Sockets ; provides two 2114L or equivalent RAM devices 
organized as a 102^-byte (IK) memory, and sockets for six additional 
user-supplied 2114 RAMs. The 2114 is a 1024x4 devicie and two chips 
are required for each IK of RAM added to the card. The total RAM 
capacity of the 78O3 with all sockets loaded is 4096 (4k) bytes. 

Figure 2/7 summarizes the addressing options for each of the memory chip sockets. 
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MEMORY DEVICE 
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FULL HEXADECIMAL ADDRESS FIELD 




AS SHIPPED 


USER OPTION (Note 


1) 


jC 


ROM 


0000 - 07FF 


COOO - C7FF 




o 

so (U 


ROM I 


0800 - OFFF 


C800 - CFFF 






ROM 2 


1000 - 17FF 


DOOO - 07FF 






ROM 3 


1800 - IFFF 


D800 - DFFF 






RAM U20,U24 


2000 - 23FF (Note 2) 


EOOO - E3FF 






RAM U19,U23 


2400 - 27FF 


E400 - E7FF 




-a* (0 

^ 4) 


RAM U18,U22 


2800 - 2BFF 


E800 - EBFF 




cs< ii 


RAM UI7,U2] 


2C00 - 2FFF 


ECOO - EFFF 






UNUSABLE 
(Note 3) 


3000 - 3FFF 


FOOO - FFFF 



Notes: 1. Refer to Appendix A for remapping option. 

2. IK of RAM (two 2114L deviees) mapped in 
addresses 2000-23FF are supplied with the 
7803. 

3. Maximum 7803 addressing range is 60K (12K onboard 
memory plus 48K on external memory cards) when 
the 7803 onboard memory is used. If the onboard 
memory is disabled (Appendix A ), maximum system 
memory size without bank selection is 6kK and no 
mapping restrictions are imposed by the 7803. 



o 



FIGURE tn 



7803 ONBOARD MEMORY SOCKETS ADDRESS MAPPING 
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Input/Output (I/O) Port Addressing 

The 7803 can address up to 256 each input ports and output ports. The port 
address appears on the low-order half of the Address 8us {A0-A7) and is 
repeated on the high-order half of the Address Bus {A8-A15). A specific 
I/O port is addressed when the following conditions are met: 

a. The Address Bus (A0-A7) contains the specific address 
of the I/O port (00 through FF hexadecimal); 

b. lORQ* (I/O Request) is active 

c. lOEXP* (I/O Expansion) is active 

d. RD" (read) is active to select an input port, or 
WR* (write) is active to select an output port. 

The 8-bit input ports provide a means for reading data or status lines into 
the processor to take part In programmed operations. The 8-blt output ports 
provide a means for outputting program-generated data or control states. Typical 
input and output port circuits are shown in Figure Z^ . 
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FIGURE 29 : TYPICAL INPUT & OUTPUT PORT IMPLEMENTATION 

This figure illustrates the Bus Interface and I/O port address decoding circuitry 
and device types typically used to implement I/O ports. Pro Log's 7500, 7600, and 
7900 Series I/O modules are similar to this example. 
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SECTION 7 • PROGRAM AND HARDWARE DEBUGGING 

Microprocessor Logic State Analysis 

An attempt at tnonitoring the execution of a microprocessor program In real time 
using a conventional mult I trace oscilloscope will be found to be Impossible for 
practical purposes. The capacity of the scope and the operator will be quickly 
exhausted by the following characteristics: 

a. Parallel data and addresses. Data Is transferred as byte-parallel 
Information (the address bus is 2 bytes wide). Individual bits on 
these busses have little meaning in program debugging. It Is neces- 
sary to see the full content of both busses at once, and a hexadecimal 
display of numeric values Is much more meaningful than binary waveforms. 

b. Display Trigger Qualification . As many as 20 signals (combined 
address and control signals) may be used simultaneously to qualify 
the enabling of a peripheral memory card, for example. In order 
to capture this event, the test instrumentation must also be 
trigger-qualified by the same group of signals. Conventional 
oscilloscopes lack the number of trigger channels and operating 
modes needed to interface with a processor system such as the 7803. 

c. Data Bus Voltage Levels and Timing. The 7803 and all of Its peripheral 
cards in a given system will drive the Data Bus at different times, and 
will do so with a variety of logic high and logic low levels, all of 
which are different but within specification. 

This presents two problems: g^ 

1. The operator will find It difficult to identify the source of any ^"^ 
given waveform on the scope display. 

2. In order to see a specific data segment on the Data Bus, the operator 
will find it necessary to synchronize the display with the processor's 
software program rather than with the voltage output of any one element 
of system hardware. 

The logic state analyzer solves these problems by displaying formatted 
high/low or numeric logic states rather than analog waveforms, and by 
offering enough trigger channels andcoincedence logic to allow literal 
program/display synchronization. 

A logic state analyzer is considered an essential troubleshooting aid for both 
program development and system maintenance In any 7803-based system where the 
needs of the Manufacturing Test and Field Service organizations are Important 
considerations. 

The logic state analyzer performs these basic functions: 

a. Tracks the actual Instruction sequence as the program executes, 
facilitating program debugging. 

b. Monitors control states and data passing between the processor and 
the system it controls, al lowing the system external to the processor 
card to be observed at the same time as the program floy<, using the 
same display. 

c. Provides a multl-qual If led trigger to a conventional oscilloscope when 

analog measurements are unavoidable (e.g. propagation delay through a ^^^ 
suspected memory device). ■ 1 
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Instruction Diagnostic Tables 

The Instruction Diagnostic Tables on the following pages are used 

with a logic signal analyzer. They show the type of data on the 

Data Bus for time states Tl , T2, and T3 within each machine cycle, and the 

machine cycles within any given instruction. 

This information is useful when debugging a program or troubleshooting the 

7803 or any hardware under the 7803 's control. 

In addition to expected data and processor status for Tl , T2, and T3, the 
TIME STATES column in each machine cycle shows the total number of time 
states for that cycle. If there are one or more time states after T3, the 
processor is performing an internal operation*, the signals at the 
Z80 chip pins are either unchanged from T3 or undefined, with no new information 
available until the next T, . 

Because of the size of the Z80 instruction set, the Instruction Diagnostic 
Tables are separated into the following sheets by instruction type: 






INSTRUCTION CATEGORY 


INSTRUCTION TYPE 


FIGURE 


8-Bit 

Register & 
Memory 
Data 


Load/Store 


31A 


Accumulator & 
Carry 


31A 


Arithmetic & 
Log i ca 1 


3IA 


Increment 6 
Decrement 


31B 


Bit Test/Set/Clear 


3IB 


Shift S Rotate 


3IB 


16-Bit 
Register & 
Memory 
Data 


Add S Subtract 


31c 


Increment & 
Decrement 


31C 


Load & Store 


31c 


Push 5 Pul 1 


31c 


Bank Select 


31c 


Exchange 


31c 


I/O 


Input & Output 


3ID 


Address 


Jump 6 Return 


31D 


Compound 


Loop 


3ID 


Block Memory 
Move £. Search 


3ID 


Block I/O 


31 D,E 


Machine Control 


Interrupt 


3IE 


Halt, NOP 


31E 



^S 



FIGURE 30: INSTRUCTION DIAGNOSTIC TABLES INDEX 
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FIGURE 31 A: INSTRUCTION DIAGNOSTtC TABLE 
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FIGURE 31 B: INSTRUCTION DIAGNOSTIC TABLE 
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Pro Log M82A System Analyzer 

The aSlh is a logic signal analyzer designed specifically for program debugging 
and hardware troubleshooting in Z80-based systems such as the 7803 Processor. 

Figure 32 below summarizes the ability of the M82^ to capture, format, and display 
the information available from all the time states within a Z80 machine cycle at 
any instruction step in the program. The M824 operates in dynamic, single-step, and 
breakpoint modes; tracks interrupts and DMA operations; can pick instructions out 
of nested loops for display; and can trigger other test equipment with 
program instruction synchronization. 

The M824 is portable and clips onto the Z80 on the 7803, eliminating the need for 
test probes and a long setup procedure. 
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FIGURE 32: 
M824 ANALYZER 
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APPENDIX A - 7803 USER STRAPPING OPTIONS 

In new 7803 applications, system characteristics such as memory mapping are 
often arbitrary. The as-shipped configuration of the 7803 is recommended to 
minimize system assembly costs as well as field service and repair documentation 
efforts. Most other Pro- Log Series 7Q0O cards can be used with the 7203 without 
any jumper changes. 

Jumper-wire strapping options are provided on the 7803 to allow processor upgrading 
in existing applications, firmware^ and compatibility with similar cards from 
other manufacturers. 

The strapping options for the 7803 are Identified by the letters A through F 
on the Schematic (Pro Log document #103218), Assembly Diagram (#T'03219) and by 
silkscreened letters on the 7803 circuit card. The options include: 

a. Clock (jumpers A and F) ; output clock to STD BUS, or input 
external clock signal in place of the 7803 ' s crystal. 

b. Mapping and Bank Control (junpers B-E) : remap or disable the 
onboard RAM and EPROM memory sockets, and allow external 
control of I/O and memory bank selection (lOEXP* and MEMEX* 
1 ines) . 

Clock (Figure 33l 

Output : Some devices and instruments require access to the system clock. Jumper A 
(Figure ) places the system clock on STD BUS pin k3. Note that the clock output 
driver is not floated during DMA operations. 

Input: an external clock can be used, to drive the 7803's clock oscillator. 
This should be a TTL-compatible signal in the range of 1 to 5 MHz with a 15% to 
75% duty cycle. The 7803 's clock; circuit will divide this signal's frequency in 
half, producing time states in the range 2000 ns to ^00 ns. 

The external clock input signal is assigned STD BUS pin 50 (CNTRL*) . Remove the 
following components from the 7803: Crystal Yl ; 2.2K resistors R3 and Rk; 1000 pF 
capacitor C5. Rep-liace C5 with a wire jumper. Add wire jumper F. 

Figure shows the clock circuit before and after thei.external clock input 
modification. 

Happing (Figure 3^) 

The 7803's onboard memory sockets can occupy the lower quadrant of memory (0000- 
3FFF hexadecimal, as shipped) or the upper quadrant (COOO-FFFF) , or be disabled. 

Figure summarizes these selections and shows the jumpers required to obtain 
them. 

Bank Selection (Figure 33) 

Jumpers and E hold MEMEX* and lOEXP*, respectively, active by connecting the 
bus traces to ground on the 7803 card. At least one additional 64k memory bank ^^ 
and one 256-1/0 port bank could be enabled on the same motherboard by employing il 
memory and I/O cards which regard MEMEX* and I LEXP* as high level active signals. 
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Internal clock with clock output on S»TD BUS 
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External clock drive with clock output removed from STD BUS 
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Jumper pad locations 



FIGURE 35 ; 

Jumper options for external 
clock drive and clock output 

Note: Some 7803 versions 
prior to May 1980 use 
El ,E2,E3. . • junips'* notation 
instead of A,B,C. . . . 
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MEMORY ADDRESS ASSIGNMENT 
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Schematic coordinates B4,5 

Jumper shown in C (as- 
shipped) position. 
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FIGURE 3^ : ONBOARD MEMORY MAPPING OPTIONS 
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APPENDIX B: DOCUMENTATION 
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